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RFID TAG WITH FREQUENCY ADJUSTING 
PORTION 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

This application is based upon and claims the bene?t of 
priority from the prior Japanese Patent Application No. 2006 
049306, ?led on Feb. 24, 2006, the entire contents of Which 
are incorporated herein by reference. 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
The present invention relates to a radio frequency identi? 

cation (RFID) tag. 
2. Description of the Related Art 
Conventionally, at a frequency, for example, 13 megahertz 

(MHZ) band, used for a radio tag, an antenna has a predeter 
mined impedance, for example, 50 ohms (Q), and it is rela 
tively easy to be matched With an integrated circuit (IC). A 
coil antenna is used in such radio tag, to transmit and receive 
information by electromagnetic induction betWeen a trans 
mitter/receiver that is positioned at a short distance from the 
radio tag. 
As a technique for adjusting a resonant frequency in a 

loW-frequency band, an IC card is knoWn in Which a resonant 
circuit is formed With a coil antenna and a patterned capacitor. 
Capacitance of a capacitor is adjusted by cutting the capacitor 
pattern, thereby adjusting the resonant frequency (for 
example, Japanese Patent Laid-Open Publication No. 2000 
235635). 

Moreover, a non-contact type IC card is knoWn in Which a 
resonant circuit is formed With a coil antenna and an adjust 
ment resistor. A resistance of the adjustment resistor is 
adjusted by cutting the adjustment register. By adjusting the 
adjustment resistor, sharpness of resonance Q of the resonant 
circuit can be adjusted. An adjustment capacitor may be pro 
vided, and by cutting the adjustment capacitor, resonant fre 
quency f can be also adjusted (for example, Japanese Patent 
Laid-Open Publication No. 2001 -l0264). 

In an RFID tag using a high frequency, a radio Wave is 
transmitted and received betWeen a dipole antenna and an 
antenna in a transmitter/receiver positioned at relatively long 
distance from the RFID tag. In such RFID tag, because 
impedance of an IC varies, a different design from a conven 
tional design is required to match With the antenna. The RFID 
tag is likely to change characteristics thereof depending on 
use environments, such as a used frequency, an area, and a 
material to Which the RFID tag is attached. 
As a technique of matching an antenna and an IC in a 

high-frequency band, an antenna having tWo loading bars 
formed in a straight line in a dipole form and a stub is used. 
Since an antenna pattern itself has an inductance component, 
it is possible to change the impedance characteristic by select 
ing a loading bar and by cutting a stub being an adjustment 
part (for example, U.S. Pat. No. 6,028,564). 

According to the above conventional techniques, a reso 
nant frequency can be adjusted by cutting the capacitor pat 
tern or the adjustment capacitor, or by cutting the antenna 
pattern. HoWever, hoW much adjustment can be achieved 
When hoW much these cutting parts are cut is unclear. 
Due to this, effectiveness of adjustment cannot be grasped 

until an adjustment operation, such as cutting of the pattern, is 
actually performed. Therefore, it takes a long time for the 
adjustment. In addition, unnecessary operations can be 
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2 
repeated in trial and error, and ef?ciency in the adjustment 
operation cannot be improved and cost for the adjustment 
increases. 

Since an RFID tag uses high-frequency band (900 MHZ 
band, or 2.45 GigahertZ (GHZ) band), match betWeen an 
antenna and an IC is particularly important. 
The techniques disclosed in Japanese Patent Laid-Open 

Publication No. 2000-235635 and Japanese Patent Laid 
Open Publication No. 2001-10264 are for a loW-frequency 
band (13 MHZ band) in Which information is transmitted and 
received by electromagnetic induction using a coil antenna 
With a transmitter/receiver positioned at a relatively short 
distance from the radio tag. In the RFID tag using a high 
frequency band, a dipole antenna is used, therefore, the tech 
niques for a loW-frequency band cannot be applied. 
A technique disclosed in Us. Pat. No. 6,028,564 is for a 

high-frequency band in Which a dipole antenna is used. HoW 
ever, hoW a loading bar is selected, and hoW much adjustment 
can be achieved When hoW much of the stub is cut are unclear. 

SUMMARY OF THE INVENTION 

It is an object of the present invention to at least solve the 
above problems in the conventional technologies. 
A radio frequency identi?cation tag according to one 

aspect of the present invention includes an antenna including 
a conductor pattern in a form of dipole, and connected to an 
integrated circuit chip of the radio frequency identi?cation 
tag; an adjusting portion including at least one adjusting 
pattern connected to the conductor pattern to make the 
antenna compatible With an environment in Which the 
antenna is used; and a marking portion at Which directions for 
an adjusting operation using the adjusting portion is indi 
cated. 
A radio frequency identi?cation tag according to another 

aspect of the present invention includes an antenna including 
a conductor pattern in a form of dipole, and connected to an 
integrated circuit chip of the radio frequency identi?cation 
tag; an adjusting portion including an adjusting pattern hav 
ing an inductance component corresponding to a length of the 
adjusting pattern, and connected to the integrated circuit chip 
in parallel With the antenna; and a marking portion at Which 
directions for an adjusting operation using the adjusting por 
tion is indicated. Inductance of the antenna is changed by 
changing the length of the adjusting pattern. 
A radio frequency identi?cation tag according to still 

another aspect of the present invention includes an antenna 
including a conductor pattern in a form of dipole, and con 
nected to an integrated circuit chip of the radio frequency 
identi?cation tag; a ?rst adjusting portion including a plural 
ity of folding points at Which the conductor pattern is folded; 
a second adjusting portion including an adjusting pattern 
having an inductance component corresponding to a length of 
the adjusting pattern, and connected to the integrated circuit 
chip in parallel With the antenna; a ?rst marking portion at 
Which directions for an adjusting operation using the ?rst 
adjusting portion is indicated; and a second marking portion 
at Which directions for an adjusting operation using the sec 
ond adjusting portion is indicated. Gain of the antenna is 
changed by changing the folding points, and inductance of the 
antenna is changed by changing the length of the adjusting 
pattern. 
The other objects, features, and advantages of the present 

invention are speci?cally set forth in or Will become apparent 
from the folloWing detailed description of the invention When 
read in conjunction With the accompanying draWings. 



US 7,486,192 B2 
3 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a schematic of an RFID tag according to a ?rst 
embodiment of the present invention; 

FIG. 2 is a schematic for illustrating a result of electromag 
netic ?eld simulation of the RFID tag shoWn in FIG. 1; 

FIG. 3 is a schematic for illustrating adjustment of a tag 
antenna; 

FIG. 4 is a schematic for illustrating a result of electromag 
netic ?eld simulation of the RFID tag shoWn in FIG. 3; 

FIG. 5 is a schematic for illustrating another adjustment of 
the tag antenna; 

FIG. 6 is a schematic for illustrating a result of electromag 
netic ?eld simulation of the RFID tag shoWn in FIG. 5; 

FIG. 7 is a schematic of an RFID tag according to a second 
embodiment of the present invention; 

FIG. 8 is a schematic for illustrating a result of simulation 
indicating a relation betWeen an inductance length and an 
inductance of a tag antenna; 

FIG. 9 is a schematic for illustrating marking of a marking 
portion; 

FIG. 10 is a schematic of an RFID tag having a meander 
line antenna according to a third embodiment; 

FIG. 11 is a schematic of an RFID tag having a folded-back 
dipole antenna according to the third embodiment; 

FIG. 12 is a schematic of an RFID tag having a dipole 
antenna according to the third embodiment; 

FIG. 13 is a schematic of an RFID tag having a dipole 
antenna according to the third embodiment; 

FIG. 14 is a schematic of an RFID tag according to a fourth 
embodiment of the present invention; 

FIG. 15 is a schematic for illustrating an impedance char 
acteristic When a used frequency is 868 MHZ; 

FIG. 16 is a schematic for illustrating an impedance char 
acteristic When a used frequency is 915 MHZ; and 

FIG. 17 is a schematic for illustrating an impedance char 
acteristic When a used frequency is 953 MHZ (Japan). 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

Exemplary embodiments according to the present inven 
tion Will be explained beloW in detail With reference to the 
accompanying draWings. 

FIG. 1 is a schematic of an RFID tag according to a ?rst 
embodiment of the present invention. An RFID tag 100 
includes a tag antenna 102 formed on a ?lm base 101. For the 
?lm base 101, material such as Polyethylene terephthalate 
(PET) resin, a dielectric substrate, and acrylonitrile butadiene 
styrenean (ABS) resin is used. This ?lm base 101 may be 
con?gured to have a ?exible structure. 

The tag antenna 102 is formed in a compact siZe so that an 
antenna length is smaller than N2 Where an antenna reso 
nance Wavelength is 7», and forms equivalently a minute 
dipole antenna. The tag antenna 102 is formed With a material 
such as copper and silver, in a pattern on the ?lm base 101. 
This tag antenna 102 has a poWer feed point at substantially 
center and an IC 103 is provided as a tag chip at this poWer 
feed point. A pair of connecting terminals of the IC 103 is 
respectively connected to antenna patterns 104 and 105 
formed in substantially straight lines, stretching in opposite 
directions from the IC 103. 

The antenna patterns 104 and 105 have gain adjusting 
portions 106 and 107 respectively. The gain adjusting por 
tions 106 and 107 are formed such that each end has Wider 
line Width to have larger area. An antenna gain can be 
enhanced by the gain adjusting portions 106 and 107. 
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4 
A matching portion 110 formed in a loop shape is formed 

betWeen the antenna patterns 104 and 105. The matching 
portion 110 includes a pair of derived portions 111 respec 
tively derived from a portion of the antenna patterns 104 and 
105 at Which the IC 103 is disposed, and a connecting portion 
112 connecting betWeen the derived portions 111, so that the 
matching portion 110 has a speci?c length. The matching 
portion 110 is connected to the IC 103 in parallel With the 
antenna patterns 104 and 105. 
The matching portion 110 has an inductance component of 

a predetermined length for adjusting the admittance of the tag 
antenna 102 in order to match the tag antenna 102 and the IC 
103 With each other. The matching portion 110 is adjusted so 
that the imaginary part of an admittance possessed by the tag 
antenna 102 has an absolute value equivalent to the imaginary 
part of a susceptance of the IC 103 by changing the Whole 
length through selecting the derived portions 111. The 
derived portions 111 of the matching portion 110 have a 
plurality of derived lines 111a, 111b, and 1110. 

Dimensions of respective parts shoWn in FIG. 1 are as 
folloWs: the entire length of the tag antenna 102 L1:73 mil 
limeters (mm), the space betWeen the derived lines 111a and 
11111 L2:24 mm, the space betWeen derived lines 1111) and 
11119 L3:26 mm, the space betWeen derived lines 1110 and 
1110 L4:28 mm, the line Width of the antenna patterns 104 
and 105 W1:2 mm, the Width of the gain adjusting portions 
106 and 107 W2:7 mm, the line Width of the derived lines 
111a, 1111) and 1110 W3:0.5 mm, and the line Width ofthe 
connecting portion 112 W4:1 mm. An internal equivalent 
circuit of the IC 103 has chip resistance:1.4 kilo-ohms (kQ) 
and capacitance:0.7 picofarad (pF). 
The derived lines 111a, 111b, and 1110 are provided cor 

responding to a frequency used in each country in a predeter 
mined frequency band. The derived lines 111a correspond to 
a frequency of 953 MHZ used in Japan (JP). The derived lines 
1111) correspond to a frequency of 915 MHZ used in the 
United States (US). The derived lines 1110 correspond to a 
frequency of 868 MHZ used in the European Union (EU). 

In the derived lines 111a, 111b, and 1110, a marking por 
tion 120 at Which the adjustment positions for each region is 
marked With characters (JP, US and EU). In the example, a 
portion corresponding to the derived line 11111 is marked With 
“Japan (J P)”, a portion corresponding to the derived line 1111) 
is marked With “the United States (U S)”, and a portion cor 
responding to the derived line 1110 is marked With “the Euro 
pean Union (EU)”. This marking portion 120 is marked by 
printing using a non-conductive material. 
By selectively cutting the derived lines 111a, 111b, or 1110 

according to the marking portion 120, it is possible to use the 
tag antenna 102 commonly in various frequencies used in 
various countries and regions, Without being limited to a 
single frequency. 
When the tag antenna 102 is used in Japan (JP), the derived 

lines 111a corresponding to JP should be left. As the induc 
tance component of the matching portion 110, the derived 
portions 111 forming the most inner loop With respect to the 
IC 103 (loop formed With one of the derived lines 111a, 111b, 
and 1110 and the connecting portion 112) act effectively. 
When using the tag antenna 102 in Japan (JP), all of the 

derived portions 111 (11111, 111b, and 1110) are left Without 
being cut aWay as shoWn in FIG. 1. In this case, a loop is 
formed With the innermost derived lines 111a and the con 
necting portion 112 as the matching portion 110. The length 
of the loop formed out of these innermost derived lines 111a 
and the connecting portion 112 forms the inductance compo 
nent of the matching portion 110. When the loop length of the 
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matching portion 110 is made longer, correspondingly its 
inductance is proportionally increased. 

FIG. 2 is a schematic for illustrating a result ofelectromag 
netic ?eld simulation of the RFID tag 100. The axis of abscis 
sas represents frequencies, and the axes of ordinates represent 
the intensity of radiation electric ?eld E of the tag antenna 102 
and the capacitance Ccp of the IC 103 in case of being used in 
Japan (J P).An internal equivalent circuit of the IC 103 has 1.4 
kQ and 0.7 pF. 
As shoWn in FIG. 2, there has been obtained a simulation 

result that the intensity of radiation electric ?eld E has a peak 
and the capacitance Ccp of the IC 103 becomes 0.7 pF at a 
frequency of 953 MHZ used in Japan (JP). This simulation 
result shoWs a result of providing the optimum matching With 
the IC 103 due to the inductance component of a speci?c 
length (L2) formed out of the derived lines 111a selected as 
the matching portion 110 and the connecting portion 112. 

Next, FIG. 3 is a schematic for illustrating adjustment of a 
tag antenna. In case of using the tag antenna 102 in the United 
States (US), as shoWn in FIG. 3, the derived lines 1111) located 
at the positions US are left to be used according to marks US 
of the marking portions 120. In this case the derived lines 
11111 of Japan (JP) are cut aWay using a cutter or the like 
(spots shoWn by dotted lines in the ?gure). Thereby, a loop is 
formed With the most inner derived lines 1111) and the con 
necting portion 112 as the matching portion 110. 

FIG. 4 is a schematic for illustrating a result of electromag 
netic ?eld simulation of the RFID tag shoWn in FIG. 3. The 
axis of abscissas represents frequencies, and the axes of ordi 
nates represent the intensity of radiation electric ?eld E of the 
tag antenna 102 and the capacitance Ccp of the IC 103 in case 
of being used in the United States (US). As shoWn in FIG. 4, 
there has been obtained a simulation result that the intensity 
of radiation electric ?eld E has a peak and the capacitance Ccp 
ofthe IC 103 becomes 0.7 pF at a frequency of915 MHZ used 
in the United States (US). This simulation result shoWs a 
result of providing the optimum matching With the IC 1 03 due 
to the inductance component of a speci?c length (L3) formed 
out of the derived lines 1111) selected as the matching portion 
110 and the connecting portion 112. 

Next, FIG. 5 is a schematic for illustrating adjustment of 
the tag antenna. In case of using the tag antenna 102 in the 
European Union (EU), as shoWn in FIG. 5, the derived lines 
1110 located at the positions EU are left to be used according 
to marks EU of the marking portions 120. In this case the 
derived portions 1 11a of Japan (JP) and the derived lines 1 1 1b 
of the United States (US) are cut aWay using a cutter or the 
like (spots shoWn by dotted lines in the ?gure). Thereby, a 
loop is formed out of the derived lines 1110 and the connect 
ing portion 112 as the matching portion 110. 

FIG. 6 is a schematic for illustrating a result of electromag 
netic ?eld simulation of the RFID tag shoWn in FIG. 5. The 
axis of abscissas represents frequencies, and the axes of ordi 
nates represent the intensity of radiation electric ?eld E of the 
tag antenna 102 and the capacitance Ccp of the IC 103 in case 
of being used in the European Union (EU). As shoWn in FIG. 
6, there has been obtained a simulation result that the intensity 
of radiation electric ?eld E has a peak and the capacity Ccp of 
the IC 103 becomes 0.7 pF at a frequency of 868 MHZ used in 
the European Union (EU). This simulation result shoWs a 
result of providing the optimum matching With the IC 1 03 due 
to the inductance component of a speci?c length (L4) formed 
out of the derived lines 1110 selected as the matching portion 
110 and the connecting portion 112. 

In the ?rst embodiment, the length (one of L1, L2 and L3) 
of an inductance component in the matching portion 110 is 
changed corresponding to each of the frequencies used in the 
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6 
three countries (Japan, the United States and the European 
Union). By making the number of the derived portions 111 
provided in the matching portion 110 in advance correspond 
to the number of used frequencies, it is possible to make a 
single RFID tag compatible With various frequencies. 
According to the ?rst embodiment, a single RFID tag can 

be used in countries and areas using different frequencies. In 
this case, the tag antenna 102 and the IC 103 can be matched 
With each other by only adjusting the matching portion 110. 
Thus, it is possible to provide an RFID tag having high radia 
tion ef?ciency capable of suf?ciently feeding a poWer 
received through a tag antenna to an IC even When used 
frequency varies. 

FIG. 7 is a schematic of an RFID tag according to a second 
embodiment of the present invention. An RFID tag 700 has a 
similar con?guration as the ?rst embodiment (see FIG. 1). 
The RFID tag 700 has a different content of a marking portion 
720 from that of the ?rst embodiment. The marking portion 
720 marks a material to Which the RFID tag 700 is attached. 
It is assumed that a frequency (country or area) at Which this 
RFID tag 700 is used is ?xed. 

In this RFID tag 700, the Wavelength of a resonant Wave 
varies depending on the dielectric constant (Er) of the mate 
rial. Therefore, the length of a loop of the matching portion 
110 is changed so as to be an inductance length corresponding 
to each material. 

FIG. 8 is a schematic for illustrating a simulation result 
shoWing the relation betWeen the inductance length and the 
inductance of a tag antenna. The axis of abscissas represents 
inductance length LX (the length of a loop of the matching 
portion 110) and the axis of ordinates represents inductance 
La. The tag antenna 102 of the RFID tag 700 is assumed to be 
a dipole antenna in Which the entire length (L1):60 mm and 
Width (W2):10 mm (effective entire length about 75 mmIM 
4). And it is assumed that a material having this RFID tag 700 
stuck on it has a thickness of tIl mm and a dielectric constant 
of 1, 3 or 5. The dielectric constant (Er) is 61:1 in air, 61:3 
to 4 in plastic and Er:4 to 5 in rubber. 
As shoWn in FIG. 8, a simulation result shoWs that induc 

tance length LX is substantially linearly proportional to 
inductance La in any dielectric constant although each dielec 
tric constant (each material to be stuck) shoWs a different 
straight line. 
According to the above simulation result, in order that the 

inductance La of a tag antenna becomes 40 nanohenry (nH) 
matching With the IC 103 of Ccp:0.7 pF, it is enough to select 
LX:22 mm from the curve of 61:1 (air) in case of using the 
tag antenna 102 alone, that is, When the RFID tag 700 is not 
attached to any material. It is enough to select LX:20 mm in 
case of sticking it on a material of Er:3 (plastic) and 1 mm in 
thickness, and it is enough to select LX:18 mm in case of 
sticking it on a material of 61:5 (rubber) and 1 mm in thick 
ness. 

The matching portion 110 is provided With a plurality of 
the derived portions 111 (11111, 111b, and 1110) so as to have 
a different inductance length LX for each material corre 
sponding to the above description. And the derived portions 
111 are provided With the marking portions 720 marked With 
the names of the material. As shoWn in FIG. 8, the respective 
marks of the marking portions 720 mark the inside derived 
lines 111a forming the shortest loop as an inductance length 
of the matching portion 110 as “AIR”, mark the most outside 
derived lines 1110 as “RUBBER” and mark the intermediate 
derived lines 1111) as “PLASTIC”. 

By selectively cutting aWay the derived lines 111a, 111b, 
or 1110 corresponding to the material, it is possible to com 
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monly use the RFID tag 700 With various materials, Without 
being limited to a single material. 
When the RFID tag 700 is used in the air, all of the derived 

portions 111 (11111, 111b, and 1110) is left to be used Without 
being cut aWay (the derived lines 11111 at positions of AIR are 
left). 
When the RFID tag 700 is attached to a plastic member, the 

derived lines 1111) at positions of PLASTIC are left to be used 
according to marks of PLASTIC of the marking portions 720. 
In this case, the derived lines 11111 of AIR are cut aWay using 
a cutter or the like. 

When the RFID tag 700 is attached to a rubber member, the 
derived lines 1110 at positions of RUBBER are left to be used 
according to marks of RUBBER of the marking portions 720. 
In this case, the derived lines 11111 of AIR and the derived 
lines 1111) of PLASTIC are cut aWay using a cutter or the like. 

In the second embodiment, the inductance length LX in the 
matching portion 110 is changed corresponding to each of the 
dielectric constants of the three different materials (air, plas 
tic, and rubber). By making the number of the derived por 
tions 111 provided in the matching portion 110, in advance, 
correspond to the number of attached materials having dif 
ferent dielectric constant, it becomes possible to use a single 
RFID tag With various materials to Which the RFID tag is 
attached. 

According to the second embodiment, a single RFID tag 
can be used being attached to various materials having dif 
ferent dielectric constant. A tag antenna and an IC in the RFID 
tag can be matched With each other by only adjusting a match 
ing portion. Thereby, it is possible to provide an RFID tag 
having high radiation e?iciency capable of suf?ciently feed 
ing a poWer received through the tag antenna to the IC even 
When the RFID tag is attached to various materials. 

While in the ?rst and the second embodiments, the marks 
of the marking portions 120 and 720 are marked using char 
acter strings in near the derived portions 111, the marks are 
not thus limited, and symbols may be used for marking the 
marking portions 120 and 720. 

FIG. 9 is a schematic for illustrating another marking of the 
marking portions. If it is dif?cult to mark character strings 
near the derived portions 111 due to limitations of space, the 
marking portions 720 may be marked With a small number of 
symbols or numerals. In the example shoWn in FIG. 9, each 
position in the marking portions 720 is marked With one 
alphabetic character (A, B, and C). Detailed contents 910 
corresponding to alphabetic characters (A, B, and C) of the 
marking portions 720 are indicated in a free space (margin) on 
the ?lm base 101. The detailed contents 910 are not Written on 
the ?lm base 101 but Written in a place different from the ?lm 
base 101, for example, in a booklet and the like such as an 
instruction manual of the RFID tag 700. Thus, it is possible to 
make the RFID tag 700 in a compact siZe Without occupying 
a space for the marking portions 720 on the ?lm base 101. 

In a third embodiment, plural examples of a tag antenna 
With different shapes are described. FIG. 10 is a schematic of 
an RFID tag (meander-line antenna) according to the third 
embodiment. The same reference characters refer to the same 
components as in the ?rst embodiment. An RFID tag 1000 
shoWn in FIG. 10 is different from that of the ?rst embodi 
ment (see FIG. 1) in that a conductor pattern forming a tag 
antenna 1002 is folded doWn in a meander shape. 

The tag antenna 1002 is folded in various methods to form 
into a meander shape. In an example shoWn in FIG. 10 an 
upper half part 1003 and a loWer half part 1004 are folded in 
a similar shape. The pitch betWeen folded portions of the 
antenna pattern is L1. The IC 103 is provided at a poWer feed 
point substantially in the middle of the loWer half part 1004. 
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There is a speci?c space L2 betWeen antenna patterns 1004a 
and 1004b being opposite to each other around the spot Where 
the IC 103 is disposed, and a matching portion 1011 is pro 
vided betWeen the antenna patterns 1004a and 1004b. 

Similarly to the ?rst embodiment, the matching portion 
1011 is provided in parallel With the antenna patterns 1004a 
and 1004b With respect to the IC 103 in order to match the tag 
antenna 1002 and the IC 103 With each other. This matching 
portion 1011 has a plurality of derived lines 1011a, 1011b, 
and 10110, and can change an inductance component in a part 
leading to the IC 103. Thus, it is possible to perform adjust 
ment so that the imaginary part of admittance possessed by 
the tag antenna 1002 has an absolute value equivalent to the 
imaginary part of susceptance of the IC 103. 
The derived lines 1011a, 1011b, and 10110 ofthe matching 

portion 1011 are provided corresponding to each frequency 
used in each country in predetermined frequency bands. The 
derived line 1011a corresponds to a frequency used in Japan 
(JP) of 953 MHZ, for example. The derived line 1011b cor 
responds to a frequency of 9 l 5 MHZ used in the United States 
(US). The derived line 1011c corresponds to a frequency of 
868 MHZ used in the European Union (EU). 
The derived lines 1011a, 1011b, and 10110 are respectively 

provided With a marking portion 1012 marking adjustment 
positions necessary by countries With characters (JP, US, and 
EU). In the illustrated example, the derived line 1011a is 
marked With “Japan (JP)”, the derived line 1011b is marked 
With “the United States (U S)”, and the derived line 10110 is 
marked With “the European Union (EU)”. 
By selectively cutting the derived lines 1011a, 1011b or 

1110 for each of the areas according to the content of marking 
of the marking portion 1012, the tag antenna 1002 can be 
commonly used at various frequencies used in the respective 
countries and areas, Without being limited to a single fre 
quency. 
When the tag antenna 1002 is used in Japan (JP), the 

derived line 1041a at the position JP is left according to mark 
JP of the marking position 1012. As the inductance compo 
nent of the matching portion 1011, one of the derived lines 
1011a, 1011b, and 10110 forming the most inner loop from 
the IC 103 acts effectively. 

In other Words, When the tag antenna 1002 is used in Japan 
(JP), all ofthe derived portions 1011a, 1011b, and 10110 are 
left, Without being cut aWay, as shoWn in FIG. 10. In this case, 
a loop is formed by the innermost derived line 1011a as the 
matching portion 1011. The length of the loop formed out of 
the innermost derived line 1011a forms the inductance com 
ponent of the matching portion 1011. 
When the tag antenna 1002 is used in the United States 

(US), the derived line 1011b at position US is left to be used 
according to mark US of the marking portion 1012. In this 
case, the derived line 1011a of Japan (JP) is cut aWay using a 
cutter or the like. Thus, a loop is formed by the innermost 
derived line 1011b as the matching portion 1011. 
When the tag antenna 1002 is used in the European Union 

(EU), the derived line 10110 at position EU is left to be used 
according to mark EU of the marking portion 1012. In this 
case, the derived line 1011a of Japan (JP) and the derived line 
1011b of the United States (US) are cut aWay using a cutter or 
the like. Thus, a loop is formed by the derived line 10110 as 
the matching portion 1011. 

Since an inductance component is changed by selecting the 
derived portion 1011a, 1011b, or 10110, it is possible to 
match With the IC 103 even When a used frequency varies. 
The marks of the marking portion 1012 may indicate names 
of materials to Which the RFID tag is attached as described in 
the second embodiment. In this case it is possible to match the 
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tag antenna 1002 and the IC 103 With each other even When 
the RFID tag is attached to different materials. Particularly, 
by using a meander-line antenna as the tag antenna 1002, the 
antenna can be made smaller compare to a case in Which a 

dipole antenna is used. A conductor pattern as a meander-line 
antenna is not limited to a bent and folded shape shoWn in 
FIG. 10 but may be in various shapes. 

FIG. 11 is a schematic of an RFID tag (folded-back dipole 
antenna) according to the third embodiment. A tag antenna 
1102 of an RFID tag 1100 shoWn in FIG. 11 is different from 
the ?rst embodiment (see FIG. 1) in that tWo dipole antennas 
1 1 02a and 1 10219 are provided in parallel, and both ends of the 
dipole antennas 1102a and 1102b are respectively connected 
With each other by connecting portions 11020. The dipole 
antenna 1102a of one side is provided With a poWer feed point 
in substantially the middle thereof and the IC 103 is disposed. 
The tag antenna 1102 has an advantage of having larger 
radiation resistance than the tag antenna 102 of the ?rst 
embodiment (see FIG. 1). 

The dipole antenna 1102a is provided With the matching 
portion 110 (the derived portions 111 and the connecting 
portion 112) and the marking portions 120. The matching 
portion 110 and the marking portions 120 are formed in a 
similar manner as the ?rst embodiment. While the marking 
portions 120 in the example mark materials to Which the 
RFID tag is attached, the marking portions may mark fre 
quencies to be used. By selecting the derived portions 111 
according to marks of the marking portions 120, it is possible 
to change the inductance component and to match the tag 
antenna 1102 and the IC 103 With each other. 

FIG. 12 is a schematic of an RFID tag (dipole antenna) 
according to the third embodiment. An RFID tag 1200 shoWn 
in FIG. 12 is a dipole antenna including a pair of tag antennas 
1202 and 1203 having the IC 103 as its poWer feed point. A 
length of the tag antennas 1202 and 1203 are changed accord 
ing to a frequency used in each country. to make this change, 
marking portions 1220 are provided. The marking portions 
1220 are marked With frequencies (for example, 868 MHZ, 
953 MHZ, and 2.45 GHZ) to be used in different countries. 
When using the RFID tag 1200, the tag antennas 1202 and 

1203 are adjusted to be compatible With a frequency at Which 
the RFID tag 1200 is used by cutting a part of the tag antennas 
1202 and 1203 based on a marking portion 1220 indicating 
frequencies. Symbols 1202a and 1203a respectively shoW the 
cutting ranges in the tag antennas 1202 and 1203 to adjust the 
tag antennas 1202 and 1203 suitable for a used frequency. For 
example, When the used frequency is 868 MHZ, all of the tag 
antennas 1202 and 1203 are left Without being cut aWay. And 
When the used frequency is 2.45 GHZ, the tag antennas 1202 
and 1203 are cut in a range from the ends to the positions 
marked With 2.45 GHZ of the marking portions 1220 by a 
cutter or the like. 

According to the above con?guration, it is possible to 
adjust the length of the tag antennas 1202 and 1203 according 
to the marking portions 1220 so that the single RFID tag 1200 
at various frequencies used in different countries. The marked 
contents of the marking portions 1220 are not limited to 
frequencies, and may be the names of a tag reader/Writer 
communicating With the RFID tag 1200. Thus, even if a used 
frequency varies depending on tag reader/Writers, the RFID 
tag 1200 can be made compatible With the tag reader/Writer. 

FIG. 13 is a schematic of an RFID tag (dipole antenna) 
according to the third embodiment. An RFID tag 1300 
includes tag antennas 1302 and 1303 extending from both 
sides of the IC 103 With slots 1302a and 1303a, respectively. 
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In other Words, tWo conductor patterns are formed above and 
beloW the slots 1302a and 1303a sandWiching the slots 1302a 
and 1303a. 
On the ?lm base 101, marking portions 1320 marking the 

adjustment positions necessary by countries are marked With 
characters (JP, US, and EU) beside the slots 1302a and 1303a. 

In an example shoWn in FIG. 13, a case in Which the RFID 
tag 1300 is used in the United States (US) is shoWn. The 
illustrated example shoWs a state in Which a positional range 
from Japan (JP) to US (range hatched in the ?gure) are cut 
aWay in the slots 1302a and 1303a according to marks of US 
of the marking portions 1320 by a cutter or the like. When the 
RFID tag 1300 is used in Japan (JP), the slots 1302a and 
1303a are not cut aWay, and When the RFID tag 1300 is used 
in the European Union (EU), a positional range from Japan 
(JP) to EU is cut aWay in the slots 1302a and 1303a. The slots 
1302a and 1303a may be perforated in advance so that ranges 
from JP to US and US to EU are easily tore aWay, thereby 
easily changing the slot length Without using a cutter or the 
like. 

According to the above con?guration, by setting slot 
lengths by cutting a portion aWay in the slots 1302a and 
1303a depending on a country in Which the RFID tag is used, 
it is possible to commonly use the RFID tag 1300 at various 
frequencies used in different countries and areas Without 
being limited to a single frequency. 

According to the respective con?gurations of the third 
embodiment, it is possible to use a single RFID tag in coun 
tries and areas using different frequencies or With materials to 
Which the RFID tag is attached. In this case, it is possible to 
match a tag antenna With an IC by only adjusting a matching 
portion. Thereby, it is possible to provide an RFID tag having 
high radiation ef?ciency capable of suf?ciently feeding a 
poWer received through a tag antenna to an IC even if used 
frequency or an attached material varies. 

FIG. 14 is a schematic of an RFID tag according to a fourth 
embodiment of the present invention. An RFID tag 1400 of 
the fourth embodiment has a con?guration in Which matching 
of an antenna With an IC is performed in combination of used 
frequencies and attached materials. 

In the RFID tag 1400, the ?lm base 101 has a predeter 
mined Width and length, and a tag antenna 1402 is a folded 
back dipole antenna formed With a pair of conductor patterns 
1402a and 1402b arranged in parallel With each other (see the 
tag antenna 1102 of FIG. 11). In an example shoWn in FIG. 
14, the tag antenna 1402 is substantially in a U shape in Which 
it is bent along the outer edges of the ?lm base 101. 
A poWer feed point at Which the IC 103 is disposed is 

arranged on a conductor pattern 1402a at the inner side of the 
bent tag antenna 1402. First matching portions 1410 are 
respectively provided at both end portions of the tag antenna 
1402. A second matching portion 1420 is connected to the 
conductor pattern 1402a at the inner side of the bent tag 
antenna 1402. 
The ?rst matching portions 1410 are structured With plural 

connecting lines 1410a, 1410b, 1410c, and 1410d provided 
betWeen the conductor patterns 1402a and 1402b. The length 
of a folded-back portion of the tag antenna 1402 (conductor 
patterns 1402a and 1402b) can be changed by selecting the 
connecting lines 1410a, 1410b, 1410c, and 1410d. The 
matching of the tag antenna 1402 With the IC 103 can be 
optimiZed by adjusting the length S1 of the ?rst matching 
portion 1410. A marking portion 1430 is provided for each of 
the connecting lines 1410a, 1410b, 1410c, and 1410dat a side 
of the ?rst matching portion 1410. An illustrated example of 
the marking portions 1430 is marked With alphabetic charac 
ters a, b, c, and d. 
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The second matching portion 1420 is connected to the 
conductor pattern 1402a With the IC 103 as the center. This 
second matching portion 1420 includes derived portions 
1421 and a connecting portion 1422. The inductance length of 
the Whole second matching portion 1420 relative to the IC 
103 is changed by selecting the derived lines 1421a, 1421b, 
1421c, and 1421d. The antenna gain ofthe tag antenna 1402 
can be optimiZed by adjusting the length S2 of the second 
matching portion 1420. A marking portion 1431 is provided 
for each of the connecting lines 1421a, 1421b, 1421c, and 
1421d beside the derived portion 1421. An illustrated 
example of the marking portions 1431 is marked With paren 
thesiZed numerals (l), (2), (3), and (4). 
By combining the selection of the ?rst matching portion 

1410 and the selection in the second matching portion 1420, 
the RFID tag 1400 can be adjusted to changes of a used 
frequency and an attached material. 

Detailed contents 1440 to specify the combination of the 
selections in the marking portions 1430 and 1431 are marked 
on the ?lm base 101. The detailed contents 1440 are shoWn in 
the form of a table in Which the names of countries corre 
sponding to used frequencies are marked along the axis of 
ordinates and the types of attached materials (dielectric con 
stants) are marked along the axis of abscissas. According to 
the marks of the detailed contents, it is possible to determine 
the combination of the selection in the ?rst matching portions 
1410 (connecting lines 1410a, 1410b, 1410c, and 1410d) 
With the selection in the second matching portion 1420 (de 
rived lines 1421a, 1421b, 1421c, and 1421d) corresponding 
to a used frequency (country) and an attached material for the 
RFID tag 1400. 

For example, When the RFID tag 1400 is used in the Euro 
pean Union (EU) and an attached material is plastic, the 
connecting line 1410a is selected in the ?rst matching portion 
1410 and the derived line 1421d is selected in the second 
matching portion 1420 based on a mark “a-(l)” indicated in 
the table of the detailed contents 1440. 
An example of dimensions of each component shoWn in 

FIG. 14 is described. The Width of the tag antenna 1402 
(conductor patterns 1402a and 1402b):2 mm, and the space 
betWeen the conductor patterns 1402a and 1402b:l mm. The 
Width of each of the connecting lines 1410a, 1410b, 1410c, 
and 1410d:l mm. And as for the length S1 of the ?rst match 
ing portion 1410, taking a bent portion of the conductor 
pattern 1402b as a reference point, the length to the connect 
ing line 1410a :48 mm, the length to the connecting line 
1410b:44 mm, the length to the connecting line 1410c:39 
mm, and the length to the connecting line 1410d:34 mm. 

The Width of each of the derived lines 1421a, 1421b, 
1421c, and 1421d of the second matching portion 1420 and 
the connecting portion 1422:l mm. And as for the length S2 
of the second matching portion 1420, the length betWeen a 
pair of derived lines 1421a :24 mm, the length betWeen the 
derived lines 1421b:27 mm, the length betWeen the derived 
lines 1421c:30 mm, and the length betWeen the derived lines 
1421d:33 mm. The parallel capacitance Ccp of the LSI:0.6 
pF. 

FIGS. 15 to 17 are Smith charts (a part of charts) shoWing 
impedance characteristics corresponding to used frequencies 
and attached materials for the RFID tags. 

First, FIG. 15 is a schematic for illustrating an impedance 
characteristic 1500 When “used frequency:868 MHZ (the 
European Union)”. This impedance characteristic shoWs that 
the gain is the highest at the peak of a characteristic curve. By 
adjusting the length S1 of the ?rst matching portion 1410, it is 
possible to bring the impedance to the peak of the Smith chart. 
And by adjusting the length S2 of the second matching por 
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12 
tion 1420, the susceptance B can cancel the parallel capaci 
tance Ccp of the IC 103. A relation of “Ccp:—B/ (2rd)” exists. 
The left side of FIG. 15 is an example in Which the attached 

material is plastic (dielectric constant:3.0 and thickness:l .0 
mm). This characteristic is obtained by selecting “a-(l)” as 
marked on the detailed contents 1440 shoWn in FIG. 14. That 
is, “S1I48 mm (select the connecting line 1410a) and “S2I33 
mm (select the derived lines 1421d). The corresponding 
capacitance in this case is “Ccp:0.592 pF”. 

Speci?cally, in the ?rst matching portion 1410, other con 
necting lines 1410b to 1410d are cut aWay by a cutter or the 
like so that the length S1 of the ?rst matching portion 1410 is 
determined by the connecting line 1410a. In the second 
matching portion 1420, other inside derived lines 1421a to 
14210 are cut aWay by a cutter or the like so that the length S2 
of the second matching portion 1420 is determined by the 
derived lines 1421d. 
The right side of FIG. 15 is an example in Which the 

attached material is rubber, melamine resin, or the like (di 
electric constant:5 .0 and thickness:l .0 mm). This character 
istic is obtained by selecting “b-(3)” as marked on the detailed 
contents 1440 shoWn in FIG. 14. That is, “S1:44 mm (select 
the connecting line 1410b) and “S2:27 mm (select the 
derived lines 1421b). The corresponding capacitance in this 
case is “Ccp:0.6l8 pF”. 

Speci?cally, in the ?rst matching portion 1410, other con 
necting lines 1410c and 1410d are cut aWay by a cutter or the 
like so that the length S1 of the ?rst matching portion 1410 is 
determined by the connecting line 1410b. In the second 
matching portion 1420, other inside derived lines 1421a are 
cut aWay by a cutter or the like so that the length S2 of the 
second matching portion 1420 is determined by the derived 
lines 1421b. 

FIG. 16 is a schematic for illustrating an impedance char 
acteristic 1600 When “used frequency:9l5 MHZ (the United 
States)”. The left side of the ?gure is an example in Which the 
attached material is plastic (dielectric constant:3 .0 and thick 
ness:l .0 mm). This characteristic is obtained by selecting 
“b-(2)” as marked on the detailed contents 1440 in FIG. 14. 
That is, “S1:44 mm (select the connecting line 1410b) and 
“S2I30 mm (select the derived lines 14210). The correspond 
ing capacitance in this case is “Ccp:0.6l9 pF”. 

Speci?cally, in the ?rst matching portion 1410, other con 
necting lines 1410c and 1410d are cut aWay by a cutter or the 
like so that the length S1 of the ?rst matching portion 1410 is 
determined by the connecting line 1410b. In the second 
matching portion 1420, other inside derived lines 1421a and 
1421b are cut aWay by a cutter or the like so that the length S2 
of the second matching portion 1420 is determined by the 
derived lines 14210. 
The right side of FIG. 16 is an example in Which the 

attached material is rubber, melamine resin, or the like (di 
electric constant:5 .0 and thickness:l .0 mm). This character 
istic is obtained by selecting “c-(4)” as marked on the detailed 
contents 1440 shoWn in FIG. 14. That is, “S1:39 mm (select 
the connecting line 1410c) and “S2:24 mm (select the 
derived lines 1421a). The corresponding capacitance in this 
case is “Ccp:0.6l6 pF”. 

Speci?cally, in the ?rst matching portion 1410, other con 
necting lines 1410d are cut aWay by a cutter or the like so that 
the length S1 of the ?rst matching portion 1410 is determined 
by the connecting line 14100. In the second matching portion 
1420, these derived lines 1421a (other derived lines 1421b to 
1421d may be also left) are left so that the length S2 of the 
second matching portion 1420 is determined by the derived 
lines 1421a. 
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FIG. 17 is a schematic for illustrating an impedance char 
acteristic 1700 When “used frequency:953 MHZ (Japan)”. 
The left side of the ?gure is an example in Which the attached 
material is plastic (dielectric constant:3.0 and thickness:1 .0 
mm). This characteristic is obtained by selecting “c-(3)” as 
marked on the detailed contents 1440 shoWn in FIG. 14. That 
is, “S1I39 mm (select the connecting line 1410c) and “S2:27 
mm (select the derived lines 1421b). The corresponding 
capacity in this case is “Ccp:0.642 pF”. 

Speci?cally, in the ?rst matching portion 1410, other con 
necting lines 1410d are cut aWay by a cutter or the like so that 
the length S1 of the ?rst matching portion 1410 is the con 
necting line 14100. In the second matching portion 1420, 
other inside derived lines 1421a are cut aWay by a cutter or the 
like so that the length S2 of the second matching portion 1420 
is determined by the derived lines 1421b. 

The right side of FIG. 17 is an example in Which the 
attached material is rubber, melamine resin, or the like (di 
electric constant:5.0 and thickness:1 .0 mm). This character 
istic is obtained by selecting “d-(4)” as marked on the detailed 
contents 1440 shoWn in FIG. 14. That is, “S1:34 mm (select 
the connecting line 1410c!) and “S2:24 mm (select the 
derived lines 1421a). The corresponding capacitance in this 
case is “Ccp:0.578 pF”. 

Speci?cally, in the ?rst matching portion 1410, the length 
S1 of the ?rst matching portion 1410 is determined by the 
connecting line 1410d. In this case, other connecting lines 
1410a to 14100 are left Without being cut aWay. In the second 
matching portion 1420, these derived lines 1421a (other 
derived lines 1421b to 1421d may be also left) are left so that 
the length S2 of the second matching portion 1420 is deter 
mined by the derived lines 1421a. 

According to the fourth embodiment, it is possible to make 
the RFID tag 1400 compatible With various frequencies used 
in different countries and With various materials to Which the 
RFID tag 1400 is attached. It is possible to match an antenna 
With an IC so as to be appropriate for combinations of such 
different used frequencies and different attached materials. 

While in the above description, a case of a non-contact type 
RFID tag has been described as an example, the present 
invention is not thus limited and may be similarly applied to 
a non-contact type IC card, tags and cards having various 
shapes and applications. 

According to the embodiments described above, it is pos 
sible to properly perform an antenna matching operation 
Without causing an error. Thus, it is possible to use a single 
RFID tag at various frequencies With various materials to 
Which the RFID tag is attached. 

Although the invention has been described With respect to 
a speci?c embodiment for a complete and clear disclosure, 
the appended claims are not to be thus limited but are to be 
construed as embodying all modi?cations and alternative 
constructions that may occur to one skilled in the art Which 
fairly fall Within the basic teaching herein set forth. 
What is claimed is: 
1. A radio frequency identi?cation tag comprising: 
an antenna including a conductor pattern in a form of 

dipole, and connected to an integrated circuit chip of the 
radio frequency identi?cation tag; 

an adjusting portion including at least one adjusting pattern 
connected to the conductor pattern to make the antenna 
compatible With an environment in Which the antenna is 
used by adjusting only one parameter of impedance, 
Wherein the one parameter of impedance that is adjusted 
is an imaginary portion of the impedance; and 

a marking portion at Which instructions for an adjusting 
operation using the adjusting portion are indicated. 
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2. A radio frequency identi?cation tag comprising: 
an antenna including a conductor pattern in a form of 

dipole, and connected to an integrated circuit chip of the 
radio frequency identi?cation tag; 

one adjusting portion including an adjusting pattern having 
only an inductance component corresponding to a length 
of the adjusting pattern, and connected to the integrated 
circuit chip in parallel With the antenna; and 

a marking portion at Which instructions for an adjusting 
operation using the adjusting portion are indicated, 
Wherein 

inductance of the antenna is changed by changing the 
length of the adjusting pattern Wherein changing the 
inductance of the antenna adjusts an imaginary portion 
of an impedance of the antenna. 

3. The radio frequency identi?cation tag according to claim 
2, Wherein the conductor pattern includes a meander pattern. 

4. The radio frequency identi?cation tag according to claim 
2, Wherein 

the conductor pattern has a shape extending from the inte 
grated circuit chip as substantially a center, 

the adjusting portion includes a slit formed inside the con 
ductor pattern along the length of the conductor pattern, 
and 

the inductance is changed by changing a length of the slit. 
5. The radio frequency identi?cation tag according to claim 

2, Wherein the marking portion is arranged beside the adjust 
ing pattern and includes at least one mark indicative of a 
frequency at Which the radio frequency identi?cation tag is 
used. 

6. The radio frequency identi?cation tag according to claim 
2, Wherein the marking portion is arranged beside the adjust 
ing pattern, and includes at least one mark indicative of an 
area corresponding to a frequency at Which the radio fre 
quency identi?cation tag is used. 

7. The radio frequency identi?cation tag according to claim 
2, Wherein the marking portion is arranged beside the adjust 
ing pattern, and includes at least one mark indicative of a 
country corresponding to a frequency at Which the radio 
frequency identi?cation tag is used. 

8. The radio frequency identi?cation tag according to claim 
2, Wherein the marking portion is arranged beside the adjust 
ing pattern, and includes at least one mark indicative of a 
material of an object to Which the radio frequency identi?ca 
tion tag is attached. 

9. The radio frequency identi?cation tag according to claim 
2, Wherein the marking portion is arranged beside the adjust 
ing pattern, and includes at least one mark indicative of a 
device name of a reader/Writer for the radio frequency iden 
ti?cation tag. 

10. The radio frequency identi?cation tag according to 
claim 2, Wherein 

the marking portion includes at least one simple mark 
arranged beside the adjusting pattern, and 

details of the adjusting operation corresponding to the 
simple mark are indicated at a portion distant from the 
simple mark. 

11. The radio frequency identi?cation tag according to 
claim 10, Wherein the details are described in an instruction 
manual of the radio frequency identi?cation tag. 

12. A radio frequency identi?cation tag comprising: 
an antenna including a conductor pattern in a form of 

dipole, and connected to an integrated circuit chip of the 
radio frequency identi?cation tag; 




